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(54) Electro-acoustic micro-transducer having an improved dynamic and frequency range 



(57) An electro-acoustic micro-transducer having a 
high power, high efficiency acoustic transducing feature 
and a three-mode broad band frequency reproduction 
feature on a micro-scale basis is provided. The electro- 
acoustic micro-transducer includes a yoke formed of an 
internal groove and a vertical incision portion for remov- 
ing a vertical wall at one side surface, a permanent 
magnet installed in the groove of the yoke, a plate for 
forming a magnetic gap, a coil wound on the bobbin, a 
frame which surrounds the yoke, in which a throughhole 
is formed in the groove corresponding to the incision 
portion of the yoke, and a vibration diaphragm. Therefor, 
spaces in the incision portion of the yoke and the frame 
are formed so that a connection portion between the 
coil and lead wire can be prevented from contacting the 
yoke during vertical vibration, to thereby extend an up- 
and-down vibration width of the bobbin. 
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Description 

Technical Field 

[0001] The present invention relates to an electro- s 
acoustic micro-transducer having a three-mode repro- 
duction feature, and more particularly to an electro- 
acoustic micro-transducer having a high power, high 
efficiency acoustic transducing feature and a three- 
mode broad band frequency reproduction feature on a 10 
micro-scale basis in a compact electronic appliance, in 
which part of a yoke is cut out and simultaneously a soft 
material is used as edges of the incised yoke so that a 
moving coil assembly can be sufficiently vibrated up and 
down. 15 

Background Art 

[0002] In general, an acoustic reproduction appara- 
tus is classified into a horn type speaker, a system 20 
speaker which is used for a hifi audio system such as a 
component system, including a woofer, mid-ranger and 
tweeter covering a respectively particular frequency 
band, a general speaker covering all frequency bands 
via a single unit, a micro-speaker having an uftra-light 25 
and ultra-slim structure which is used in a compact elec- 
tronic appliance such as a ultra-compact camcorder 
and walkman, a receiver used for a mobile communica- 
tions terminal, an earphone having a structure whose 
part is inserted into the ear, and a buzzer for reproduc- 30 
ing only a frequency of a particular band. 
[0003] In a conventional general speaker, a bobbin 
around which voice coils are wound is positioned in a 
magnetic circuit in which a single magnet is installed in 
a yoke and a top plate is installed on top of the magnet. 35 
Also, the upper portion of the bobbin has a structure 
where the outer circumferential portion thereof is fixed 
to the upper and lower portion of a frame, the center 
portion thereof is fixed to a circularly perforated vibra- 
tion plate and damper, and a center cap called a dust aq 
cap for closing the whole of the bobbin is combined in 
the center portion of the vibration plate. 
[0004] However, a micro-speaker used in a mobile 
phone, a camcorder, a notebook PC, an ultra-compact 
cassette recorder, adopts an electro-dynamic type as 
structure in which a damper is omitted and simultane- 
ously the height of a frame portion is lowered so as to 
accomplish an ultra-compact and ultra-thin type struc- 
ture in correspondence to compactness of a set. 
[0005] In the electro-dynamic speaker as shown in so 
FIG. 1a, a protector 1 is covered on the upper end of a 
groove type frame 2, a terminal plate 9 is fixed to one 
side on the bottom surface of the frame 2, and a mag- 
netic circuit is formed of a yoke 8 fixed in the center por- 
tion of the frame bottom, a permanent magnet 6 and a ss 
plate which are coupled in the yoke 8. A moving coil 5 
fixed to a vibration plate 3 is fixed to an edge 4 of the 
vibration plate 3 formed in the intermediate step portion 



of the frame 2, so as to be moved in a magnetic gap G 
between the yoke 8 and the plate 7. In Fig. 1a, a refer- 
ence numeral 10 denotes an air ventilation hole and a 
reference numeral 1 1 denotes a signal lead wire. 
[0006] The electro-dynamic micro-speaker has a 
structure for generating an acoustic sound in corre- 
spondence to a driving signal created by the up-and- 
down vibration of the vibration plate 3 and the moving 
coil 5 due to an attractive and repulsive force which is 
created by an interaction of a non-alternating (direct- 
current) magnetic flux generated from a fixed magnetic 
circuit and an alternating (alternating-current) rotating 
magnetic flux generated from the moving coil 5 which 
can move up and down in accordance with the Flem- 
ing's left-hand rule. 

[0007] However, in the case of the electro-dynamic 
micro-speaker shown in FIG. 1 a, it is not possible to per- 
form an extensive reproduction of a low level sound and 
a high level sound which are required in the portable 
electronic appliance in view of a speaker structure when 
the electro-dynamic micro-speaker is manufactured into 
an ultra-micro-speaker for use in a camcorder, a note- 
book PC, a compact cassette recorder and an informa- 
tion communications portable terminal, for the following 
reasons. 

[0008] For example, in the case that a speaker is 
4mm in height and 20mm in diameter as shown in FIG. 
1 c, a bobbin 4 is set about 2.3mm in length t and 9.5mm 
in diameter. In this case, the whole length £ of the bob- 
bin is constructed so that a connection area a, a coil 
winding area b and a margin c between the coil 5 and a 
flexible wire 11 are allocated into 0.9mm, 1.2mm and 
0.2mm, respectively. 

[0009] However, in the case that the flexible wire 1 1 
of 0.8mm in diameter is soldered with the coil 5 by a sol- 
dering lead, a vibration width d which makes a coil 
assembly 15 vibrate up and down is set 0.3-0.4mm or 
so which is a distance between the flexible wire 1 1 and 
the upper end of the yoke 8. 

[0010] If the coil assembly 15 vibrates with the set 
vibration width d or wider, the soldering portion 1 6 of the 
flexible wire 1 1 contacts the upper end of the yoke 8, to 
thereby cause so we call touch noise generated and 
lose the value of an acoustic reproduction product. 
[0011] Thus, although there is a clearance of at 
least 0.7mm between the lower end of the bobbin 4 and 
the bottom of the yoke 8 which can be increased 
according to the height of a permanent magnet 6 in the 
conventional art, an extension of a magnetic gap G low- 
ers an efficiency of the speaker greatly. Accordingly, 
such an extension of the magnetic gap G has not been 
used. 

[0012] The vibration width d cannot but limit an 
allowable input and the size of a magnet used is limited 
due to the limited vibration width d. As a result, it has not 
been possible to realize a high power and high effi- 
ciency speaker in view of its structure. Further, since a 
soft material has not been used for an edge of the vibra- 
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tion plate 3 in order to suppress a smooth vibration of 
the coil assembly 15, it has been difficult to lower a low 
band resonance frequency f 0 of the speaker in propor- 
tion to the stiffness of the edge. 
[0013] Further, when the flexible wire 1 1 is used in 
order to supply a driving signal to the moving coil 5 from 
an external source, both ends of the flexible wire 1 1 is 
tightly fixed by a solid bonding material 12 and 13 and 
the intermediate portion of the flexible wire 1 1 is fixed to 
a vibration plate 3 by use of a soft bonding material 14 
as shown in FIGs. 1a through 1c. However, when an 
excessive input signal is applied, the flexible wire 1 1 
may be cut due to overheat. 

[0014] For reference, in a commercially available 
receiver product, a rating input is 0.01 -0.1 W in the case 
of a product having 20mm or less in diameter, 0.2-0.5W 
in the case of a product having 36mm or so in diameter, 
and 0.5-1 W in the case of a product having 50-57mm or 
less in diameter. 

[0015] Also, in a high quality of a micro-speaker, a 
rating input is 0.2-0.3W and the maximum input is 0.5W 
in the case of a product having 20mm in diameter. 
[0016] As described above, as the size of the 
speaker grows smaller, a number of structural restric- 
tions are caused. As a result, a low band resonance fre- 
quency f 0 becomes high and its efficiency and output 
are lowered. 

[0017] Meanwhile, an electromagnetic speaker 
made using an electro-acoustic transducing theory and 
structure uses only a function of a buzzer for reproduc- 
ing only a monotonous sound signal of 1 or 2KHz, which 
is extremely narrow in actual applications. 
[0018] For the above reasons, an ultra-compact 
speaker should appear soon in which a high efficiency 
multifunction of performing a broad band acoustic 
reproduction and receiving a large-scale input with an 
ultra-compact design can be integrated into a single unit 
in order to realize a compact personal information 
processing terminal where video, audio and office 
processing functions are integrated. 

Disclosure of the Invention 

[0019] To solve the above-mentioned problems 
involved in the conventional electro-acoustic micro- 
transducer, it is an object of the present invention to pro- 
vide an electro-acoustic micro-transducer having a 
three-mode broad band frequency reproduction feature, 
which can cover all acoustic reproduction functions of a 
buzzer, a receiver and a micro-speaker for a portable 
electronic device, with a single unit in which part of a 
yoke opposing a soldering portion between a flexible 
wire and a coil is cut out and simultaneously a soft 
material is used as edges of the incised yoke so that a 
coil assembly can be sufficiently vibrated up and down. 
[0020] It is another object of the present invention to 
provide an electro-acoustic micro-transducer having a 
high power, high efficiency acoustic reproduction fea- 



ture in which a coil assembly is not influenced by an 
allowable vibration width and a large-scale input is 
accepted. 

[0021] It is still another object of the present inven- 

5 tion to provide an electro -acoustic micro-transducer 
having a flat frequency characteristic over all reproduc- 
tion frequency bands, by using a vibration diaphragm 
integrated with a reinforcing body. 
[0022] It is yet another object of the invention is to 

w provide an electro- acoustic micro -transducer having a 
structure in which a coil assembly and a frame assem- 
bly can be simply made, a coupling between a coil and 
a PCB is simple, and an excessive vibration can be suf- 
ficiently absorbed. 

15 [0023] It is a further object of the present invention 
is to provide an electro-acoustic micro-transducer in 
which a rectangular flexible PCB having a pair of elec- 
trode patterns in order to solder both ends of the coil 
and a flexible wire is rolled and the rolled PCB is used 

20 as a bobbin. 

[0024] To accomplish the above object, in accord- 
ance with one aspect, the present invention provides an 
electro-acoustic micro-transducer comprising: a yoke 
formed of an internal groove and a vertical incision por- 

25 tion for removing a predetermined vertical wall at at 
least one side surface; a permanent magnet installed in 
the groove of the yoke, for generating a non-alternating 
magnetic field; a plate mounted on the upper surface of 
the permanent magnet, for forming a magnetic gap 

30 between the outer circumferential surface and the upper 
end of the yoke; a coil wound on a bobbin, which gener- 
ates an alternating magnetic field when an electric drive 
signal is externally applied via first and second lead 
wires and is disposed in the magnetic gap to be dis- 

35 placed up and down according to an interaction with a 
non-alternating magnetic field generated from the per- 
manent magnet; a cylindrical frame in which the outer 
circumferential portion surrounds the yoke at the state 
where the yoke is set to be positioned in the center, the 

40 outer circumferential portion is perpendicularly exten- 
sively formed in such a manner that a groove is formed 
therein and an externally communicating throughhole is 
formed in the groove corresponding to the incision por- 
tion of the yoke; and a vibration diaphragm in which the 

45 bobbin is supported and the outer circumferential por- 
tion is supported in the upper end of the frame, for gen- 
erating an acoustic sound in correspondence to the 
drive signal when the bobbin is displaced up and down, 
wherein spaces in the incision portion of the yoke and 

so the frame are formed of a magnitude of preventing a 
connection portion between the coil and lead wire from 
contacting the bobbin during vertical vibration, to 
thereby extend an up-and-down vibration width of the 
bobbin. 

55 [0025] Here, in the case that the bobbin is rectangu- 
larly formed, where first and second band type elec- 
trode patterns are lengthily separated and formed on 
the upper end of the bobbin and a flexible PCB sub- 
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strate where a coil winding bonding material coating 
area is located is cylindrically molded and formed on the 
lower end thereof, both ends of the coil are connected to 
one end of each electrode pattern, the first and second 
lead wires are connected to the other end of each elec- 
trode pattern, and a single incision portion formed in the 
yoke is formed opposing the connection portion 
between the lead wires and the electrode pattern. 
[0026] Here, in the case that the bobbin is rectangu- 
larly formed, where first and second band type elec- 
trode patterns are lengthily separated and formed on 
the upper end of the bobbin and a flexible PCB sub- 
strate where a coil winding bonding material coating 
area is located is cylindrically molded and formed on the 
lower end thereof, both ends of the coil are connected to 
one end of each electrode pattern, the first and second 
lead wires are connected to an opposing position of 
each electrode pattern with respect to the center of the 
bobbin, and first and second incision portions formed in 
the yoke are formed opposing the first and second con- 
nection portions between the lead wires and the elec- 
trode pattern. 

[0027] Also, the flexible PCB substrate further com- 
prises third and fourth band type electrode patterns 
electrically connected with the first and second band 
type electrode patterns in the inner side surface, for 
compensating for a linearity of DC magnetic field gener- 
ated from the permanent magnet. 
[0028] Further, the frame further comprises first 
and second guiders for molding the first and second 
lead wires withdrawn from the coil externally via each 
throughhole in zigzag form; and an electrode terminal 
plate in which the first and second lead wires withdrawn 
via each guider are connected to the lower surface of 
the frame in either side of the throughhole and first and 
second electrode pads via which drive signals are 
applied externally are separately formed, wherein the 
first and second guiders are removed at the state where 
the other ends of the first and second lead wires are 
fixed to the first and second electrode pads. 
[0029] The vibration diaphragm comprises a body 
extended from a neck portion on which the bobbin is 
attached to an outer end in cone shape; a dust cap of a 
dome shape formed in the neck portion; a rib continu- 
ously protruded at a predetermined width and height 
from the center of the dust cap to the outer end of the 
body; and an edge for supporting the body to the frame, 
wherein the body, the dust cap, the rib and the edge are 
integrally formed. 

[0030] The vibration diaphragm is formed in the 
same shape as those of the body and dust cap, and fur- 
ther comprises a reinforcing body attached to the lower 
end of the vibration diaphragm, having a hole corre- 
sponding to the center portion of the dust cap, for reduc- 
ing a non-linear distortion of the vibration diaphragm. 
[0031] Also, the vibration diaphragm is comprised 
of a separable body and an edge. 
[0032] Meanwhile, the yoke and the frame can be 



integrated by a quality of a material in a magnetic path. 
[0033] The electro-acoustic micro-transducer 
according to the present invention comprises a plurality 
of sound output holes and a cover plate combined in the 
5 lower end of the frame, for preventing foreign matter 
from entering the frame. 

[0034] To accomplish the above object, in accord- 
ance with another aspect, the present invention pro- 
vides an electro-acoustic micro-transducer comprising: 

10 a yoke formed of an internal circular groove and first and 
second vertical incision portions for removing a prede- 
termined vertical wall at either side surface; a perma- 
nent magnet installed in the groove of the yoke, for 
generating a non-alternating magnetic field; a plate 

is mounted on the upper surface of the permanent mag- 
net, for forming a magnetic gap between the outer cir- 
cumferential surface and the upper end of the yoke; a 
coil wound on a bobbin, which generates an alternating 
magnetic field when a drive signal is applied and is dis- 

20 posed in the magnetic gap to be displaced up and down 
according to an interaction with a non-alternating mag- 
netic field generated from the permanent magnet; a 
cylindrical frame in which the outer circumferential por- 
tion surrounds the yoke at the state where the yoke is 

25 set to be positioned in the center, the outer circumferen- 
tial portion is perpendicularly extensively formed in such 
a manner that a groove is formed therein and first and 
second externally communicating throughholes are 
formed in the first and second groove spaces opposing 

30 the incision portion of the yoke; and a vibration dia- 
phragm in which the bobbin is supported and the outer 
circumferential portion is supported in the upper end of 
the frame, for generating an acoustic sound in corre- 
spondence to the drive signal when the bobbin is dis- 
ss placed up and down, wherein first and second spaces 
respectively formed by the first and second incision por- 
tions and the first and second groove spaces are formed 
of a magnitude of preventing first and second connec- 
tion portions of the first and second flexible wires fixed 

40 to the bobbin from contacting the yoke and the frame 
during vertical vibration of the bobbin, in order to apply 
the drive signal externally, to thereby extend an up-and- 
down vibration width of the bobbin. 
[0035] The electro-acoustic micro-transducer 

45 according to the present invention is applied to an ultra- 
compact and ultra-thin product. 
[0036] The present invention can obtain a suffi- 
ciently allowable vibration width of the coil assembly by 
the cutting of the yoke, which makes the edge made of 

so a soft material. Thus, a low level resonance frequency is 
lowered, to thereby obtain an acoustic reproduction 
capability of a broad band range in which all functions of 
a buzzer, a receiver and a micro-speaker are integrated. 
[0037] Also, the present invention uses flexible 

55 wires via an incision portion by the cutting of the yoke to 
thereby very simply connect between the coil and the 
electrode terminal plate. As a result, a wire cut problem 
can be solved and a high withstand input can be 
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accepted, to provide a new speaker structure having a 
high power and high efficiency feature. Thus, the 
present invention can realize a personal information 
processing terminal in which ail functions of video, 
audio and office processing are integrated. 

Brief Description of the Drawings 
[0038] 

Fig. 1a is a sectional view showing a conventional 
electrodynamic type speaker; 
Fig. 1b is a rear view showing a structure of fixing a 
coil wire of FIG. 1a; 

FIG. 1c is an enlarged view of a bobbin of FIG. 1a; 
FIG. 2 is a perspective view of a micro-speaker 
according to a first embodiment of the present 
invention; 

FIG. 3a is a perspective view showing a bobbin 
assembly used in the first embodiment; 
FIG. 3b is a plan view of the bobbin used in the FIG. 
3a bobbin assembly; 

FIGs. 4a and 4b are plan view showing a cutting 
method of the yoke used in the present invention; 
FIGS. 5a and 5b are sectional views showing the 
upper end shapes of the yoke used in the present 
invention; 

FIG. 6 is a plan view of a micro-speaker according 
to a second embodiment of the present invention, in 
which a vibration diaphragm is removed; 
FIG. 7 is a cross-sectional view cut along line VII- 

VII of FIG. 6; 

FIG. 8 is a cross-sectional view cut along line VIII- 

VIII of FIG. 6; 

FIG. 9 is a cross-sectional view cut along line IX-IX 
of FIG. 6; 

FIG. 1 0 is a bottom view of FIG. 6; 

FIG. 1 1 is a side view of FIG. 6; 

FIGs. 12a through 12c are a plan view and a side 

view of the yoke used in the second embodiment 

and a cross-sectional view cut along line XII-XII of 

FIG. 12a, respectively; 

FIG. 13 is a plan view of a PCB used in the second 
embodiment; 

FIG. 14a is a perspective view showing a bobbin 
assembly used in the second embodiment; 
FIG. 14b is a plan view of the bobbin used in FIG. 
14a; 

FIG. 15a is a plan view of a diaphragm used in the 
first and second embodiments; 
FIG. 15b is a crossing-sectional view cut along line 
XV-XVof FIG. 15a; 

FIGs. 16a and 16b are a plan view and a side view 
of a cover plate used in the first and second embod- 
iments; 

FIG. 1 7a is a plan view of another flexible PCB sub- 
strate used in the bobbin of the present invention; 
FIG. 1 7b Is a bottom view of FIG. 1 7b; 



FIG. 18a is a plan view of a micro-speaker accord- 
ing to a third embodiment of the present invention; 
and 

FIG. 18b is a crossing-sectional view cut along 
XVIII-XVIII of FIG. 18a. 

Best Mode for Carrying Out the Invention 

[0039] Preferred embodiments of the present inven- 
tion will be described in detail hereinafter with reference 
to the accompanying drawings. 

A. First embodiment 

[0040] FIG. 2 is a perspective view of a micro- 
speaker according to a first embodiment of the present 
invention. FIG. 3a is a perspective view showing a bob- 
bin assembly used in the first embodiment. FIG. 3b is a 
plan view of the bobbin used in the FIG. 3a bobbin 
assembly. FIGs. 4a and 4b are plan view showing a cut- 
ting method of the yoke used in the present invention. 
FIGs. 5a and 5b are sectional views showing the upper 
end shapes of the yoke used in the present invention. 
[0041] First, referring to FIGs. 2, 3a and 3b, a micro- 
speaker 100 according to the first embodiment of the 
present invention has a sectional structure similar to 
that of a second embodiment shown in FIG. 7. Accord- 
ingly, the internal structure of the speaker 100 will be 
described with reference to FIGs. 15a and 15b. 
[0042] A frame 20 of the first embodiment is cylin- 
drical and has a groove type structure therein, including 
a step portion 20b for fixing an edge 43 of a vibration 
diaphragm 34. A front surface (an upper surface) of the 
frame 20 is open and a plurality of vent holes 31 are dis- 
posed in left and right sides on the bottom 20a of the 
frame 20 in order to perform smooth vibration of the dia- 
phragm. 

[0043] A cup-shaped yoke 21 is integrally molded 
by an insert molding method in the center of the bottom 
20a of the frame 20, and a PCB 28 on which a pair of 
electrode patterns 33a and 33b are separately formed 
on one side of the bottom 20a of the frame 20. 
[0044] One side of the yoke 21 is partly incised as 
shown in FIG. 2. As a result, although a soldering por- 
tion between a coil 32 formed in a bobbin 24 and a flex- 
ible wire 27 vibrates up and down, the soldering portion 
does not contact the yoke 21 , to thereby prevent a touch 
noise phenomenon. 

[0045] In the first embodiment, the yoke 21 is a non- 
symmetrical structure in which a single incision portion 
22 is formed on one side. However, as shown in FIG. 4a, 
a pair of incision portions 22a and 22b are formed on 
either side of the yoke 21 by linearly cutting the yoke 21 . 
As shown in FIG. 4b, a pair of incision portions 22c and 
22d having a symmetrical structure are formed on either 
side of the yoke 21 by cutting the yoke 21 in a curved 
shape, in which an area of incision is minimized as 
much as possible to increase a magnetic density (see a 
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second embodiment). 

[0046] Also, the upper end of the yoke 21 has a flat 
structure or an inward step structure as shown in FIGs. 
5a and 5b. A guide 21a formed on the upper end outer 
circumferential portion plays a role of preventing the 5 
yoke 21 from being swayed when the frame 20 is 
molded by an insert molding method. A vent hole 23 is 
formed in the center of the groove of the yoke 21 . 
[0047] A disc-shaped permanent magnet 26 is 
mounted in the inner side of the groove of the yoke 21. 
A disc-shaped plate 25 is fixed on the upper portion of 
the permanent magnet 26, in order to focus a magnetic 
force of the magnet on a magnetic gap G to thereby 
enhance a transducing efficiency. The yoke 21 and the 
plate 25 are made of the same material as that of a 
magnetic path (refer to FIG. 7). 
[0048] Meanwhile, the upper end of the bobbin 24 is 
fixed to a neck portion 41 of the vibration diaphragm 34 
so that the bobbin 24 in which a voice coil 32 is wound 
at the outer circumferential portion is positioned in the 
magnetic gap G (refer to FIGs. 15a and 15b). 
[0049] In the bobbin 24 as shown in FIGs. 3a and 
3b, a pair of mutually separated conductor electrode 
pattern 24b and 24c such as a copper thin film are 
formed on the upper end of the substrate 24a. A flexible 
PCB on which a bonding coating area 24d is formed in 
order to maintain the state where the wound coil 32 is 
attached to the substrate 24a is mounted on the lower 
end of the substrate 24a. During use, the flexible PCB 
substrate 24a is molded in cylindrical form and then the 
coil 32 is wound around the outer circumferential portion 
of the bonding coating area 24d of the bobbin 24. 
[0050] Thereafter, both ends of the coil 32 are fixed 
to one side pad of each electrode pattern 24b or 24c by 
soldering or welding. A protective molding processing is 
performed in the upper end of the fixed portion. Then, a 
pair of flexible wires 27 are fixed in the same manner to 
the other pad of the electrode patterns 24b and 24c. 
[0051 ] Thus, the coil 32 and the flexible wire 27 can 
be connected and fixed in simpler manner. However, in 
this case, it is preferable that a balance weight is added 
in one side pad of the opposed electrode pattern in 
which the flexible wire 27 is attached so that the gravita- 
tional center of the bobbin 24 is positioned on the axis. 
[0052] In the present invention, it is preferable that a 
residual wire of the coil 32 is used to connect between 
the coil 32 and the electrode patterns 33a and 33b on 
the PCB 28, instead of using the flexible wire. 
[0053] It is preferable to use a super voice (SV) 
wire, a high heat resistant product such as PE and TE 
as the material of the coil 32. The flexible PCB substrate 
24a can be made of a product of a high heat resistance 
and polymer material such as polyethylene imid (PEI), 
polyimid (PI), and CAPTON. 

[0054] In this case, the vibration diaphragm 34 is of 
a structure of preventing a division vibration in a high 
level sound area where a reinforcing body 44 is 
attached to the lower end surface, in addition to a struc- 



ture in which a circular body 42 and a down roll type 
edge 43 for supporting the body 42 to the step portion of 
the frame 20 are integrally formed, which will be 
described in more detail. Or, a general vibration dia- 
phragm comprised of a body and an edge can be used. 
[0055] In the case of the separable body 42, a poly- 
mer material such as PE, PET, polycarbonate (PC), 
PEI, PI, CAPTON or a metallic material of inverse mag- 
netism and counter-magnetism such as Ti, Al, duralu- 
min, stainless steel, brass and bronze. 
[0056] The sectional shape of the edge 43 can be 
an up roll type, flat type, wave type in addition to the 
down roll type. Also, the edge is a gasket integration 
type for performing a buffer function, whose material is 
a silicon polymer series resin, textile and rubber. 
[0057] In this case, the body 42 and the edge 43 in 
the vibration diaphragm 34 can be separately fabricated 
and then coupled, or manufactured integrally. 
[0058] Further, a gasket 35 made of rubber or EVA 
material for fixing the edge 43 can be used additionally. 
[0059] Meanwhile, in the present invention, a pair of 
flexible wires 27 connected to both ends of the coil 32 
are not led outside of the frame along the conventional 
vibration diaphragm as shown in FIG. 1 a, but withdrawn 
downwards from the bobbin 24 and then fixed directly to 
a pair of electrode patterns 33a and 33b of the PCB 28 
via the incision portion 22 of the yoke 21 . 
[0060] In the first embodiment having the above 
structure, a pair of flexible wires 27 withdrawn from the 
coil 32 are withdrawn via the incision portion 22 of the 
yoke 21 . As a result, a touch phenomenon occurring 
when the portion where the flexible wire 27 has been 
soldered to the electrode patterns 24b and 24c contacts 
the upper end of the yoke 21 as in the conventional art, 
is not generated. 

[0061 ] Thus, the bobbin 24 of the coil assembly 320 
can vibrate up to the lower end of the yoke 21 up and 
down. Accordingly, an allowable vibration width is 
greatly increased. Further, the present invention does 
not need to be concerned about a touch phenomenon. 
Thus, since it is possible to increase the size of the mag- 
net 26 for reinforcing a magnetic force of a magnetic cir- 
cuit, in particular, to increase the thickness, the vibration 
width of the coil assembly 320 can be increased further- 
more. 

[0062] As a result, the vibration width of the present 
invention is 1 .5mm. In the case that the thickness of the 
magnet 26 is increased, the vibration width can be 
obtained up to 2mm at maximum. The vibration width 
allows an allowable input to be increased with respect to 
the speaker coil 32. Accordingly, it is possible to repro- 
duce a nominal power as 1 .5-2W at 20mm diameter 
class. 

[0063] In the present invention, an efficiency is low- 
ered due to the incision of the yoke 21 . However, since 
the present invention increases a magnetic circuit 
greatly, an increase of the efficiency can be expected 
rather than lowering of the efficiency due to the incision 
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of the yoke. 

[0064] Further, since the vibration width can be 
increased in the present invention, a soft material can 
be used in the edge 43 of the vibration diaphragm 34. In 
general, since a low band resonance frequency f 0 of a 
speaker is proportional to a stiffness which is inverse to 
a compliance of the edge as can be seen from the fol- 
lowing equation 1 , a low band resonance frequency f 0 of 
the present invention is lowered. That is, a reproduction 
bandwidth is increased. 

B. Second embodiment 

[0065] Referring to FIGs. 6 through 11, a second 
embodiment 300 has a symmetrical yoke incision struc- 
ture, while the first embodiment 100 is a non-symmetri- 
cal single yoke incision structure, which is the most 
crucial different point. 

[0066] A yoke 21 0 in the second embodiment has a 
structure in which a pair of incision portions 22a and 
22b are symmetrical on both sides and a guide 21a is 
formed on the upper end circumferential portion, as 
shown in FIGs. 12a through 12c. 
[0067] Since the incision portions 22a and 22b of 
the yoke 21 0 are positioned respectively in both sides, a 
coil assembly 322 used in the second embodiment 300 
has a structure similar to the bobbin of the first embodi- 
ment 100 as shown in FIG. 14b. As a different point 
between the bobbins of the first and second embodi- 
ments, fixing pads 24e and 24f for fixing a flexible wire 
27 to the electrode patterns 24b and 24c of the bobbin 
24 is not collected at one side only as in the first embod- 
iment, but they are formed in the center of the electrode 
patterns 24b and 24c so as to be positioned in mutually 
opposing sides when they are cylindrically formed in 
order to wind the coil 32. 

[0068] The coil assembly 322 is fabricated in the 
same manner as that of the first embodiment 100, and 
then obtained as shown in FIG. 14a. In this case, since 
a pair of flexible wires 27a and 27b are soldered or 
welded to the fixed pads 24e and 24f, which are dis- 
posed in the positions opposing each other, a separate 
balance weight is not needed. 

[0069] Meanwhile, in the case of a PCB 28a which 
is formed by an insert-molding method together with the 
yoke 210 in the second embodiment 300, the incision 
portions 22a and 22b of the yoke 210 and the flexible 
wires 27a and 27b of the coil assembly 322 are sym- 
metrically formed in both sides of the bobbin 24 as 
shown in FIG. 13. Accordingly, a pair of semi-circular 
electrode patterns 330 and 332, which can oppose the 
incision portions 22a and 22b and the flexible, wires 27a 
and 27b are separately formed on an annular substrate 
280. 

[0070] Also, grooves 282 and 284 are formed on 
both sides of the substrate 280 with which the flexible 
wires 27a and 27b are connected in order to prevent a 
touch phenomenon. Anti-rotation protrudes 286 and 



288 are protruded and formed in one side of the 
grooves 282 and 284, in order to prevent the yoke 21 0 
from rotating when it is engaged with the yoke 210 to 
perform an insert molding method. 

5 [0071] A frame 20 which is integrally formed by an 
insert molding method so as to accommodate the yoke 
210 and the PCB 28a is shown in FIG. 6. In FIG. 6, a 
pair of wire guides 201 -204 extended from the frame 
200 having a respectively height difference are horizon- 

10 tally extended in piercing space portions 310 and 312 
formed by the incision portions 22a and 22b at both 
sides of the yoke 210. 

[0072] In the second embodiment 300, the flexible 
wires 27a and 27b withdrawn from the coil assembly 

15 322 passes between the wire guides 201 and 202 or 
203 and 204 in the piercing space portions 310 and 312 
in S shape, respectively as shown in FIG. 8, and then 
the leading end is soldered and fixed to the electrode 
pattern 330 of the PCB 28a. Thereafter, if the wire 

20 guides 201-204 are cut and removed, the flexible wires 
27a and 27b connect between the coil 32 and the elec- 
trode patterns 330 and 332 of the PCB 28a with a suffi- 
cient length when the coil assembly 322 vibrates up and 
down. 

25 [0073] In the second embodiment 300, a sound out- 
put applied from an external source, for example, a 
main PCB in a set where a speaker is used, is supplied 
when electrode terminals 334 and 336 are connected to 
the electrode patterns 330 and 332 exposed in one side 

30 of FIG. 10. 

[0074] As a result, although the bobbin vibration 
diaphragm 34 vibrates in any manner up and down 
according to an excessive input, a wire cutting phenom- 
enon does not occur, and confronts elastically with an 

35 elastic force. Thus, even if an allowable input is limited 
due to the wire cutting phenomenon in the prior art, the 
present invention accepts a high withstand input due to 
such little restriction, rendering a high power character- 
istic. 

40 [0075] In addition, since the incision portions are 
formed in the yokes 21 and 210, respectively in the first 
and second embodiments, a cover plate 37 shown in 
FIGs. 16a and 16b is combined in the lower sides 
thereof, in order to prevent dust or foreign matter from 

45 being intruded into the speaker. 

[0076] A groove 37a through which the electrode 
terminals 334 and 336 are withdrawn is formed in one 
side of the cover plate 37 and a plurality of sound vent 
holes 37b are pierced and formed. 

so [0077] Meanwhile, a plan view of the vibration dia- 
phragm of the present invention used commonly in the 
first and second embodiments is shown in FIG. 15a and 
its sectional view is shown in FIG. 15b. 
[0078] In the embodiment, the vibration diaphragm 

55 34 is comprised of an edge 43, a body 42 formed 
between the edge 43 and a neck 41 , and a dust cap 46 
formed in the inside of the neck 41 in integral form. A 
division resonance prevention crossing type rib 47 is 
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integrally formed around the center circumferentially 
between the body 42 and the dust cap 46, which can be 
manufactured using a polymer series film material hav- 
ing an excellent restoring force, preferably. 
[0079] Also, it is preferable that the lower side of the 
vibration diaphragm 34 is manufactured using a solid 
and light material such as AL, Ti, duralumin, pulp, and 
polymer material, in the same pattern as that except for 
the edge of the vibration diaphragm 34. A vibration dia- 
phragm reinforcing body 44 having an opening 44a is 
attached in the intermediate portion of the dust cap 46. 
[0080] The body 42 of the vibration diaphragm 34 is 
in the form of a cone type as shown in FIG. 1 5a, the dust 
cap 46 is in the form of a dome type, and the crossing 
type rib 47 is flush in the form of an identical plane level 
from the down roll type edge 43 to the opposing edge 43 
crossing over the center of the vibration diaphragm, and 
has a shape having predetermined width and protruded 
from the body 42. 

[0081] Also, the bobbin 24 around which the coil 32 
is wound is combined with and fixed to the neck portion 
41 of the vibration diaphragm reinforcing body 44, that 
is, a boundary portion between the body 42 and the cap 
46. 

[0082] The vibration diaphragm is reinforced by the 
crossing type rib 47 and thus the whole mechanical 
twisting phenomenon of the body 42 can be minimized 
when the vibration diaphragm 34 vibrates up and down. 
As a result, a normal oscillation can be realized in a low 
level sound region and a division resonance can be sup- 
pressed in a middle or high level sound region. 
[0083] In the speaker having the vibration dia- 
phragm according to the present invention, it is possible 
to generate a sound so as to have a constant, that is, flat 
frequency characteristic all over the whole reproducible 
frequency bands. Further, a secondary harmonic com- 
ponent can be greatly reduced according to suppres- 
sion of a division resonance, thereby making it possible 
to regenerate a clear and plain sound. 
[0084] In this embodiment, an example in which the 
vibration diaphragm reinforcing body 44 is attached has 
been described. However, it is possible to the vibration 
diaphragm 34 integrally without having the vibration dia- 
phragm reinforcing body 44. 

[0085] Since the second embodiment has a struc- 
ture of a yoke and a coil assembly, similar to those of the 
first embodiment basically, a high power output charac- 
teristic according to an increase of an extension of the 
low band resonance frequency f 0 and an increase of an 
allowable input. 

[0086] The operational principle and function with 
respect to the first and second embodiments according 
to the present invention will be described in detail here- 
inafter. 



C. High efficiency electro-acoustic transducing principle 
and broad band reproducing structure, 

[0087] In the micro-speaker according to the 
5 present invention, the coil assemblies 320 and 322 can 
vibrate sufficiently according to an input signal without 
any limit and the size of the magnet 24 can be 
increased. Therefore, a conversion efficiency SPL of the 
speaker can be enhanced when compared with the con- 
10 ventional art. 

[0088] Further, in the first and second embodi- 
ments, a stiffness so becomes small at the low band 
resonance frequency f 0 of the speaker which is deter- 
mined as the following equation (1 ). Accordingly, the low 
15 band resonance frequency f 0 of the speaker becomes 
low. As a result, a reproduction sound frequency band 
of the speaker is extended. 



[0089] In equation (1), "so" represents stiffness 
which is an inverse of the compliance of the edge 43 in 
25 the speaker. Here, the smaller stiffness the more com- 
pliance. Then, "mo" represents the equivalent mass of 
the vibrating system expressed by the sum of the weight 
of the coil 32, half the weight of the edge 43, the weight 
of the bodies 42 and 44, and an additional mass result- 
30 ing from a reaction of air (8/3 x 1 .23 x a 3 (Kg)). Here, "a" 
represents a radius of a vibrating diaphragm. 
[0090] Also, the vibration diaphragm 34 has a large 
offset angle 9 of the neck 41, and can extend the loud 
resonance frequency band of the speaker in proportion 
35 to adjustment of the elastic modulus (Young's modulus) 
E. Accordingly, the speaker according to the present 
invention can accomplish extension of a substantial 
reproduction sound frequency band. 
[0091] Thus, the low band resonance frequency f 0 
40 of the speaker becomes lowered and the high band res- 
onance frequency fh is increased, to thereby extend low 
and high band sound. 

[0092] In the case that the speaker unit according to 
the present invention having the above -described struc- 
45 ture is embodied into 20mm in diameter and 4.1mm in 
height, it has been ascertained that a reproduction fre- 
quency band measured in free field meets 200Hz- 
16KHz. 

[0093] Thus, in view of a frequency characteristic, 
so the speaker according to the present invention has all 
frequency characteristics which are required in a micro- 
speaker, receiver and buzzer. 

D. Reduction of second and third harmonic distortion 

55 

[0094] In a speaker, as a reproduction frequency 
generally becomes high, an unbalanced vibration or 
division vibration occurs in the left and right of the vibra- 



30 



35 



40 



45 



8 



15 



EP 1 079 662 A2 



16 



tion diaphragm, with a result that a nonlinear distortion 
is generated in the vibrating system. 
[0095] Since the nonlinear distortion phenomenon 
influences upon a second harmonic distortion by which 
lucidity of the reproduction sound is determined, it is 
preferable to lower the nonlinear distortion phenome- 
non. 

[0096] In the present invention, since the vibration 
diaphragm is balanced by the crossing type rib 47 and 
the vibration diaphragm reinforcing body 44, the second 
harmonic distortion is reduced to then make the repro- 
duction sound lucid. 

[0097] Meanwhile, in the case that the DC magnetic 
flux of the permanent magnet is relatively smaller than 
the rotational magnetic field of the coil, a linearity of the 
DC magnetic flux flowing from the plate to the yoke is 
distorted. The DC magnetic flux linearity distortion 
causes a third harmonic distortion influencing upon a 
sound tone during reproducing of the original sound. 
[0098] As shown in FIGs. 1 7a and 1 7b according to 
the present invention, a flexible PCB substrate 24a 
forming a bobbin 240 is two-faced substrate, in which 
the outer face has the same structure as that of the bob- 
bin 24 of the first and second embodiments but the inner 
face is formed of DC magnetic flux focusing conductive 
patterns 242 and 244 as shown in FIG. 1 7b, in which the 
conductive patterns 242 and 244 are electrically con- 
nected with the electrode patterns 24b and 24c via a 
plurality of throughholes 246, respectively. 
[0099] As described above, in the case that a coil 
assembly is manufactured at the state where the con- 
ductive patterns 242 and 244 have been formed in the 
inner face of the bobbin 240, to complete a speaker, if a 
rotational magnetic field increases in proportion to the 
current applied to the coil 32, the conductive patterns 
242 and 244 focuses the DC magnetic flux of the per- 
manent magnet flowing from the plate 25 to the yoke 21 
or 210, in proportion to the increased rotational mag- 
netic field, thereby compensating for a phenomenon 
that the DC magnetic flux becomes relatively smaller 
than the rotating magnetic field of the coil 32. 
[0100] As a result, a linearity distortion phenome- 
non of the DC magnetic flux flowing from the plate to the 
yoke is suppressed. Accordingly, since the third har- 
monic distortion can be reduced more than in the prior 
art, a reproduction much closer to the original sound 
can be accomplished. 

E. Prevention of coil cutting phenomenon and accept- 
ance of large input 

[0101] In the compact speaker according to the 
present invention, the flexible wires 27, 27a and 27b 
withdrawn from the coil 32 are not fixed to the body of 
the vibration diaphragm, but are fixed to the PCBs 28 
and 28a via the piercing space portions 31 0 and 312, in 
zigzag form while having a length sufficient for up-and- 
down vibration of the coil 32. It is possible for the coil 



assembly to vibrate with a sufficient vibration width due 
to the incision of the yokes 21 and 210. 
[0102] Thus, the coil 32 can be prevented from 
being cut. Also, since the allowable input is not limited 
5 due to the wire cut and the touch phenomenon, a high 
withstand input can be accepted to thereby provide a 
high power characteristic. 

[0103] As a result, the present invention can accept 
a large input of a rating input 2W even in the ultra-micro- 
10 speaker of 20mm in diameter. 

F. Third embodiment 

[01 04] FIGs. 1 8a and 1 8b show a third embodiment 

15 of the present invention. 

[0105] The same elements in the third embodiment 
as those of the first and second embodiments are 
assigned with same reference numerals as those of the 
first and second embodiments. Thus, the detailed 

20 description of the same elements will be omitted, and 
only the differences will be described. 
[01 06] As shown in the drawings, the micro-speaker 
in the third embodiment is comprised of an integrated 
yoke/frame 50 in which a yoke 51 and a frame 52 are 

25 integrated into a single body, differently from the first 
and second embodiments. This is fabricated using a 
cold or hot rolling or casting method with a ferromag- 
netic magnetic path material. 

[0107] Thereafter, incision portions 53a and 53b 
30 are symmetrically formed in both sides of the yoke 51 
and a PCB 28a is combined in the lower surface of the 
frame 52, in the same manner as in the second embod- 
iment. The coil assembly and the vibrating diaphragm 
34 have the same structure as those of the second 
35 embodiment. 

[0108] Thus, connection between the coil assembly 
322 and the PCB 28a is accomplished in the same man- 
ner as that of the second embodiment. Of course, it is 
possible for the third embodiment to adopt a structure 
40 forming an incision portion in one side of the yoke as in 
the first embodiment. 

[0109] The third embodiment includes the structure 
similar to those of the first and second embodiments, to 
thus provide the effect similar to those of the first and 

45 second embodiments. 

[0110] The above-described embodiments have 
been designed with a frame having a speaker unit 
formed of a light, thin, short and small shape in whole, 
but can be applied to a speaker unit having a large scale 

so size, high power and high transducer efficiency. 

Industrial Applicability 

[0111] The basic concept of the present invention 
55 resides in the points that at least one incision portion is 
formed at the side of the yoke in order to increase the 
vibration width of the coil assembly and prevent a touch 
phenomenon, the bobbin is formed using a flexible PCB 



9 



17 



EP 1 079 662 A2 



18 



substrate, and the vibration diaphragm is adopted in 
order to enhance an original sound reproduction capa- 
bility, which can be applied to any kind of an electro- 
acoustic transducer. 

[0112] As described above, the present invention s 
provides a micro-speaker capable of performing a broad 
band reproduction of a large input/large output, high 
efficiency and 3-mode, in an ultra-compact size, by 
modification of the yoke and frame structure. 
[0113] Accordingly, the present invention does not w 
require a micro-speaker, receiver and buzzer sepa- 
rately, which can be replaced by a single unit, to thereby 
reduce the number of the whole components mounted 
in the set for acoustic reproduction and enable develop- 
ment of an up-to-date portable electronic product pos- 15 
sessing a more enhanced acoustic reproduction 
capability. 

[0114] In addition, the present invention can use a 
rectangular flexible PCB which can be wound as a bob- 
bin, to thereby provide an electro-acoustic transducer 20 
which can be simply manufactured. 
[0115] White there have been illustrated and 
described what are considered to be preferred specific 
embodiments of the present invention, it will be under- 
stood by those skilled in the art that the present inven- 25 
tion is not limited to the specific embodiments thereof, 
and various changes and modifications and equivalents 
may be substituted for elements thereof without depart- 
ing from the true scope of the present invention. 

30 

Claims 

1 . An electro-acoustic micro-transducer comprising: 

a yoke formed of an internal groove and a ver- 35 
tical incision portion for removing a predeter- 
mined vertical wall at at least one side surface; 
a permanent magnet installed in the groove of 
the yoke, for generating a non-alternating mag- 
netic field; 40 
a plate mounted on the upper surface of the 
permanent magnet, for forming a magnetic gap 
between the outer circumferential surface and 
the upper end of the yoke; 

a coil wound on a bobbin, which generates an 45 
alternating magnetic field when an electric 
drive signal is externally applied via first and 
second lead wires and is disposed in the mag- 
netic gap to be displaced up and down accord- 
ing to an interaction with a non-alternating so 
magnetic field generated from the permanent 
magnet; 

a cylindrical frame in which the outer circumfer- 
ential portion surrounds the yoke at the state 
where the yoke is set to be positioned in the 55 
center, the outer circumferential portion is per- 
pendicularly extensively formed in such a man- 
ner that a groove is formed therein and an 



externally communicating throughhole is 
formed in the groove corresponding to the inci- 
sion portion of the yoke; and 
a vibration diaphragm in which the bobbin is 
supported and the outer circumferential portion 
is supported in the upper end of the frame, for 
generating an acoustic sound in correspond- 
ence to the drive signal when the bobbin is dis- 
placed up and down, 

wherein spaces in the incision portion of the 
yoke and the frame are formed of a magnitude 
of preventing a connection portion between the 
coil and lead wire from contacting the yoke dur- 
ing vertical vibration, to thereby extend an up- 
and-down vibration width of the bobbin. 

2. The electro-acoustic micro-transducer according to 
claim 1, wherein the bobbin is rectangularly formed, 
where first and second band type electrode pat- 
terns are lengthily separated and formed on the 
upper end of the bobbin and a flexible PCB sub- 
strate where a coil winding bonding material coat- 
ing area is located is cylindrically molded and 
formed on the lower end thereof, and wherein both 
ends of the coil are connected to one end of each 
electrode pattern, the first and second lead wires 
are connected to the other end of each electrode 
pattern, and a single incision portion formed in the 
yoke is formed opposing the connection portion 
between the lead wires and the electrode pattern. 

3. The electro-acoustic micro-transducer according to 
claim 1, wherein the bobbin is rectangularly formed, 
where first and second band type electrode pat- 
terns are lengthily separated and formed on the 
upper end of the bobbin and a flexible PCB sub- 
strate where a coil winding bonding material coat- 
ing area is located is cylindrically molded and 
formed on the lower end thereof, and both ends of 
the coil are connected to one end of each electrode 
pattern, the first and second lead wires are con- 
nected to an opposing position of each electrode 
pattern with respect to the center of the bobbin, and 
first and second incision portions formed in the 
yoke are formed opposing the first and second con- 
nection portions between the lead wires and the 
electrode pattern. 

4. The electro-acoustic micro-transducer according to 
claim 3, wherein the frame further comprises: first 
and second guiders for molding the first and second 
lead wires withdrawn from the coil externally via 
each throughhole in zigzag form; and an electrode 
terminal plate in which the first and second lead 
wires withdrawn via each guide r are connected to 
the lower surface of the frame in either side of the 
throughhole and first and second electrode pads 
via which drive signals are applied externally are 
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separately formed, wherein the first and second 
guiders are removed at the state where the other 
ends of the first and second lead wires are fixed to 
the first and second electrode pads. 

5 

5. The electro-acoustic micro-transducer according to 
claim 2, wherein the frame further comprises: an 
electrode terminal plate in which the lead wire with- 
drawn from the coil is connected to the lower sur- 
face of the frame connected to the throughhole and 10 
first and second electrode pads via which drive sig- 
nals are applied externally are separately formed. 

6. The electro-acoustic micro-transducer according to 
claim 1, wherein the vibration diaphragm com- 15 
prises: 

a body extended from a neck portion on which 
the bobbin is attached to an outer end in cone 
shape; 20 
a dust cap of a dome shape formed in the neck 
portion; 

a rib continuously protruded at a predeter- 
mined width and height from the center of the 
dust cap to the outer end of the body; and 25 
an edge for supporting the body to the frame, 
wherein the body, the dust cap, the rib and the 
edge are integrally formed. 

7. The electro-acoustic micro-transducer according to 30 
claim 6, wherein the vibration diaphragm is formed 

in the same shape as those of the body and dust 
cap, and further comprises a reinforcing body 
attached to the lower end of the vibration dia- 
phragm, having a hole corresponding to the center 35 
portion of the dust cap, for reducing a non-linear 
distortion of the vibration diaphragm. 

8. The electro-acoustic micro-transducer according to 
claim 3, wherein the flexible PCB substrate further 40 
comprises third and fourth band type electrode pat- 
terns electrically connected with the first and sec- 
ond band type electrode patterns in the inner side 
surface, for compensating for a linearity of DC mag- 
netic field generated from the permanent magnet. 45 

9. The electro-acoustic micro-transducer according to 
claim 1, wherein the yoke and the frame can be 
integrated by a quality of a magnetic path material. 

50 

10. The electro-acoustic micro-transducer according to 
claim 1 , further comprising: a plurality of sound out- 
put holes and a cover plate combined in the lower 
end of the frame, for preventing foreign matter from 
entering the frame. 55 

11. An electro-acoustic micro-transducer comprising: 



a yoke formed of an internal circular groove 
and first and second vertical incision portions 
for removing a predetermined vertical wall at 
either side surface; 

a permanent magnet installed in the groove of 
the yoke, for generating a non-alternating mag- 
netic field; 

a plate mounted on the upper surface of the 
permanent magnet, for forming a magnetic gap 
between the outer circumferential surface and 
the upper end of the yoke; 
a coil wound on a bobbin, which generates an 
alternating magnetic field when a drive signal is 
applied and is disposed in the magnetic gap to 
be displaced up and down according to an 
interaction with a non-alternating magnetic 
field generated from the permanent magnet; 
a cylindrical frame in which the outer circumfer- 
ential portion surrounds the yoke at the state 
where the yoke is set to be positioned in the 
center, the outer circumferential portion is per- 
pendicularly extensively formed in such a man- 
ner that a groove is formed therein and first and 
second externally communicating through- 
holes are formed in the first and second groove 
spaces opposing the incision portion of the 
yoke; and 

a vibration diaphragm in which the bobbin is 
supported and the outer circumferential portion 
is supported in the upper end of the frame, for 
generating an acoustic sound in correspond- 
ence to the drive signal when the bobbin is dis- 
placed up and down, 

wherein first and second spaces respectively 
formed by the first and second incision portions 
and the first and second groove spaces are 
formed of a magnitude of preventing first and 
second connection portions of the first and sec- 
ond flexible wires fixed to the bobbin from con- 
tacting the yoke and the frame during vertical 
vibration of the bobbin, in order to apply the 
drive signal externally, to thereby extend an up- 
and-down vibration width of the bobbin. 
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Fig. 3a 
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Fig. 4a 

210a 

) 22a 




15 



EP 1 079 662 A2 
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Fig. 6 
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Fig. 12a 
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Fig. 14b 
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Fig. 15b 
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Fig. 16b 




Fig. 17b 

240 




24 



EP 1 079 662 A2 



Fig. 18a 




